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(54) TiUe: MICROPOROUS CELLULOSE DERIVATIVES AND A METHOD FOR PRODUCING THE SAME 
(57) Abstract 

A cellulose derivative, for example in the form of film, flben or particles, is brought to contact with carbon dioxide, preferably at 
100 to 400 bar pressure and 50 to 100 "C temperature. Carbon dioxide can contain a small amount of additives, such as alcohols. Cellulose 
derivative swells by the effect of pressurized cartxm dioxide. After a certain swelling period the pressure of carbon dioxide is very rapidly 
reduced causing the cellulose derivative to foam. Depending on the chosen conditions one obtains microporous cellulose derivative material 
with an average pore size from 0.5 to 50 micrometer. The micropores can be open or closed and their distribution in the foamed material 
can be adjusted as preferred by changing treatment conditions. Microporous cellulose derivatives can be used for example as support 
materials for catalysts, enzymes or selective antibodies in immunochromatography. Other applications include ultra light stnicture materials 
and microliters. 
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MICROPCBOUS CELLULOSE DERIVATIVES AND A METHOD FOR PRGDIJCING THE SA|VE. 

The invention relates to new microporous materials, which are made of cellulose 
derivattves. The cellulose derivatives related to the invention have such molecular weight 
substituents and degree of substitution that ihey are essentially insoluble in water The 
50 rcrome,^'^'^ '° characterized by having a pore size from 0.5 to 



The invemion also relates to a new method for making microporous cellulose derivative 
materials. It is characteristic to the new method that cellulose derivative is swelled by 
bringing it in contact with a high pressure carbon dioxide, prefcrentiallv at supercritical 
J5 '"'Lt 'fJ^K '^HT ^' ^'"^^'^^ P"-"^"^^ ^he pressure of the carbon dioxide which is in 
contaa with the cellulose derivative is quicicly reduced so that a microporous material is 



Porous matenals made of cellulose derivatives are used, for example, as ion exchange 
resins and filters for tobacco smoke. The previously known porous cellulose deri vatLs 
are characterized by a large, over 100 micrometer, average pore size and a ver^ uneven 
pore size distribution. According to previously known methods, the foaming of cellulose 
dern atives is made by using foaming agents which are mixed with the cellulose derivative 
melt or solution. Such foaming agents can be inorganic, gas-forming salts or inert, bubble 
25 ^h'ch are blown to the melt or solution. It is often necessary to use softeners 

for cellulose derivatives and a high foaming temperature. soiicncrs 

It is known from patent publication BE 874772. for example, to make cellulose acetate 
foam by melting cellulose acetate with a softener, crystallization centers and a foaming 
2^ agent and to extrude the melt to obtain formed articles. The patent publication describes 
cigarette filters as an application for the obtained product. 

Microporous cellulose derivatives have a much wider application area than the known 
porous materials which are made from cellulose derivatives. By microporous materials we 
2^ here mean matenals which have an average pore size smaller than approximately 100 

micrometers. Moreover, in many applications it is important that the pore- or particle size 
distnbution is very sharp. Application areas for microporous, open-pore cellulosic 
denvaiives are, for example, biologically degradable microfiltere for separating patogens 
and other micro-organisms from air or water, porous supports for immobilized enzymes 
40 matenals for catalysts, adsorbents for immobilizing cells in many medicinal ' 

applications and porous materials coated with selective antibodies for quick diaenostics 
such as immunochromatography. Closed pore structured, microporous cellulose derivatives 
again can function e.g. as ultralight building materials or as support matrices for 
slow-acting pharmaceuticals or agrochemicals. 



45 



50 



From patent publication US 5 158 986 it is known to make closed-pore, microporous 
matenal from thermoplastic, synthetic polymers by treating them with pressurized 
supercritical carbon dioxide and by then letting the carbon dioxide pressure decrease 
rapidly. In the described method the foamed material can be PVC. polvetheneterephtalate 
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or polyethene. The foaming lime in the described method changes from 20 seconds lo 2 
minutes and the average pore sizes are in the area from 0.) to 2.0 micrometers. 

5 

From patent publication PCT/EP90/0 1 895 it is known to make porous materials from 
synthetic, biodegradable polymers by treating them also with supercritical carbon dioxide 
and by letting the carbon dioxide pressure then to decrease rapidly. By using the described 
method one can produce foamed materials from polylaciides, polyglycolides and their 
10 co-polymers. The pressure reduction time described in the patent publication is 10 seconds. 

We have now discovered that, deviating from the previously known methods, by selecting 
the treating conditions exactly right, one can produce microporous materials from cellulose 
derivatives by pressurizing cellulose derivatives in supercritical carbon dioxide and 
1 S subsequently reducing the pressure rapidly. 

In accordance with the present invention a derivative, such as an ester or an ether, made 
from a natural polymer, such as cellulose, for example in the form of film, fibers or 
particles is brought to contact with high pressure carbon dioxide. Carbon dioxide pressure. 

20 temperature and the pressurization time of the cellulose derivative in carbon dioxide are 
chosen according to the composition, dimensions of the cellulose derivative and the 
preferred result so that high pressure carbon dioxide penetrates in the solid cellulose 
derivative which then swells. Additives, such as small molecular weight alcohols, organic 
acids or esters can be added to carbon dioxide, when needed. In accordance with the 

25 invention the pressure of the cellulose derivative, which has been swollen in high pressure 
carbon dioxide, is rapidly reduced, so that porous material is obtained after the pressure 
reduction. The pressure reduction can be accomplished for example by letting the carbon 
dioxide, which is in contact with the cellulose derivative, to expand into lower pressure. 
The pressure reduction rate and the flnal pressure of carbon dioxide are chosen so that 

30 desired microporous cellulose derivative material is obtained. 

The invention makes possible new materials, made of cellulose derivatives, which, apart 
from previously known materials, have smaller average pore size and narrower pore size 
distribution. The invention also makes it possible to produce either closed- or open-cell 
35 cellulose derivative materials. Furthermore the invention makes it possible to produce 
porous cellulose derivative materials which are either uniformly porous or alternatively 
materials which have, for example, a denser skin and a more porous core. Thus the 
invention provides, for example, hollow fibers or fibers with a very porous core. 

40 An advantage provided by the microporous cellulose derivatives in accordance with the 
invention, is improved product quality, especially improved capacity and selectivity in 
applications where porous cellulose derivatives are used, for example, as carriers for 
catalysts, enzymes or proteins or as adsorption materials. 

45 An advantage provided by the production method of microporous cellulose derivatives in 
accordance with the invention, is the reduction or elimination of the use of flammable or 
toxic organic .solvents. The production method in accordance with the invention also 
provides increased rate of manufacturing process as an advantage. 



50 
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The following examples describe the materials and method for producing them in 
accordance with the invention. However, the scope of the invention is not restricted to the 
matenals and methods for producing them which are described in the following examples 



Example 1 . 



10 



A pjece of colourless, transparent film made of cellulose acetate (acetyl substitution 2 45 
mol/mol. molecular weight ca. 61 000) was placed in a 40 ml pressure vessel. The initial 
thickness of the film was 0.13 mm. The film was placed inside a pressure vessel in a 
basket made of metal net so. that it does not touch the wall or bottom of the vessel The 
pressure vessel was closed and heated with an external electric heater to 50 C Carbon 
1 5 dioxide was brought to the vessel from a reservoir bottle so. that the pressure inside the 
vessel mcreased to ca. 70 bar. The pressure vessel was heated and carbon dioxide was 
pumped to the vessel with a compressor so, that the final pressure became 208 bar and 
temperature 80 C. Cellulose acetate film was kept in the pressunized vessel for 90 minutes 
after which a ball valve at the bottom of the vessel was quickly opened The carbon 
20 dioxide m the vessel was discharged to atmospheric pressure so, that the cellulose acetate 
nlm remained inside the vessel. 

After pressure reduction, the cellulose acetate film was opaque and white. Its thickness had 
increased to 0. 1 7 mm, 3 1 %, in the treatment. Electronic microscopic inspection revealed 
25 that the cross section of the cellulose acetate film was porous. The pores were almost 
round, closed and their average diameter was 9 micrometers. 

Example 2. 

30 In the experimental set up described in examJple 1 . the pressure of carbon dioxide was 
changed between 100-308 bar and temperature between 50 - 92 C. The treatment 
conditions and results are compiled in the next table. 

35 
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50 



20 In some of the pressurization-pressure reduction experiments ethyl alcohol and butyl 
acetate were added to carbon dioxide. The concentrations of the additives were varied. 
Moreover, the pressure reduction rate of carbon dioxide was varied by partly closing the 
tube, which leads out from the pressure vessel, with a valve. The pressure reduction time in 
the table is the time during which the carbon dioxide pressure has been reduced from the 

25 initial pressure to approximately 40 bars. From there on the pressure reduction rate slows 
down because of carbon dioxide liquefaction. The experiments, which are described in the 
example, show that microporous cellulose acetate film is obtained only at certain treatment 
conditions. Moreover, the porosity of the cellulose acetate film, the open- or closed pore 
structure and the pore size depend strongly on treatment conditions. 

30 

Example 3. 

In the experimental set-up described in example 1, n-propylalcohol was used as an additive 
in carbon dioxide. 5 weigh-% propanol was added to carbon dioxide. 133 micrometer thick 
35 cellulose acetate film was pressurized in carbon dioxide at 220 bars and 80 C. After rapid 
pressure reduction foamed cellulose-acetate film was obtained. The thickness of the 
obtained film was 230 micrometers. The surface of the microporous film was solid and the 
core of the film was thoroughly foamed. The average diameter of the pores was 16 
micrometers. 

40 

Example 4. 

In the experimental set-up described in example I, a piece of clear cellulose triacetate film 
was placed in the pressure vessel. The film was prepared by dissolving cellulose triacetate 
45 (acetyl substitution ca. 3 mol/mol and molecular weight ca. 73 000) in methylene chloride 
solution and by letting the solvent evaporate slowly. The triacetate film was pressurized in 
carbon dioxide at 400 bars and at 80 C. 5 weight-% ethanol was added to carbon dioxide. 
After rapid pressure reduction a white, opaque cellulo.se triacetate film was obtained. 

50 
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Example S. 



5 In the experimental sei-up described in example 1 . a piece of cellulose acetate fabric was 
placed in the pressure vessel. The diameter of a single filament in the fabric was ca. 1 8 
micrometers. The acetate fabric was pressurized in carbon dioxide at 208 bars and at 75 C 
5 weight-% butyl alcohol was added to carbon dioxide. After rapid pressure reduction a 
fabnc was obtained where the filaments had a solid skin but porous core. The average pore 
10 size was ca. 3 micrometers. Filament diameters remained essentially unaltered durine 
carbon dioxide treatment. 



Example 6. 

15 In the experimental set-up described in example 1 , ethyl cellulose powder was placed in 
th? pressure vessel. The ethyl substitution degree in the material was ca. 2.5 mol/mol. 
Ethyl cellulose powder was pressurized with carbon dioxide at 290 bars and 70 C. After 
rapid pressure reduction ethyl cellulose powder was obtained where particle diameter had 
mcreased approximately 30 %. Electron microscopic study revealed that carbon dioxide 

20 treatment had made the panicles porous. 

Example 7. 



A piece of 130 micrometer thick, clear, colouriess, cellulose aceute film was placed in a 
25 pressure vessel which had a volume of 200 ml. The film was placed in a rack so that it did 
not touch either the walls or bottom of the pressure vessel. Liquid methanol was measured 
at the bottom of the pressure vessel. It was heated and carbon dioxide was led into the 
vessel so. that the final pressure became 220 bars and the final temperature 81 C. The 
concentration of methanol in carbon dioxide became 5 weight-% under these conditions. 
30 After 45 minutes a needle valve at the cover of the pressure vessel was opened quickly 
Carbon dioxide discharged from the vessel to aonospheric pressure. Pressure reduction 
inside the vessel occurred during ca. 7 seconds. A white, opaque, porous cellulose acetate 
film was obtained. The thickness of the film had increased to approxomately 180 
micrometers. The cross-secton of the film was porous in a way that the pores at the film 
35 surface were very small and their diameter increased towards the core. The diameter of 
largest pores was ca. 50 micrometers. 
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Claims: 

1 . Microporous. water insoluble cellulose derivative materials characterized in that 
cellulose derivative is brought to contact with a substance which mainly consists of carbon 
dioxide, at elevated temperature and pressure, after which the pressure of the substance 
which mainly consists of carbon dioxide and which is in contact with the cellulose 
derivative, is quickly reduced^ preferably over a period of less than ten seconds so that 
such microporous cellulose derivative material is obtained where the average pore diameter 
is from 0.5 to 50 micrometers. 

2. Materials according to claim 1 wherein the cellulose derivative is a cellulose ester or 
a cellulose ether with a degree of substitution from 2.4 to 3,0. 

3. A method according to claim 1 wherein the pores of the microporous cellulose 
derivative material are open. 

4. A method according to claim 1 wherein the pores of the microporous cellulose 
derivative material are closed. 

5. A method for producing microporous materials from cellulose derivatives comprising 
the steps of bringing the cellulose derivative in contact with a substance, which mainly 
consists of carbon dioxide, at elevated pressure and temperature, after which the pressure 
of the substance which mainly consists of carbon dioxide and which is in contact with the 
cellulose derivative, is quickly reduced, preferably over a period of less than ten seconds so 
that microporous cellulose derivative material is obtained. 

6. A method according to claim 5 wherein the cellulose derivative is brought to contact 
with a substance which mainly consists of carbon dioxide at 100 to 400 bar pressure and at 
50 to 100 C temperature. 

7. A method according to claim 5 wherein a small molecular alcohol or an ester is added 
to the carbon dioxide which is in contact with the cellulose derivative material. 

8. A method according to claims 5 and 7 wherein the amount of small molecular alcohol 
or ester in the carbon dioxide which is in contact with the cellulose derivative, is from 1 to 
15 weight-%. 

9. A method according to claim 5 wherein the pressure of the compound which mainly 
consists of carbon dioxide and which is in contact with the cellulose derivative, is reduced 
to essentially lower pressure within a period of 0.08 to 7 seconds. 

10. A method according to claim 5 wherein the cellulose derivative is either cellulose 
ester or cellulose ether where the degree of substitution is from 2.4 to 3.0. 
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